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1607-551X/Copyright ª 2015, KaohsiuAbstract X-linked retinoschisis (XLRS) is one of the leading causes of macular degeneration in
male children. The purpose of this study is to describe the clinical characteristics of a Taiwa-
nese family with X-linked retinoschisis (XLRS) and to investigate the genetic mutation in the
retinoschisin 1 (RS1) gene. A total of four participants in this XLRS family were analyzed. Com-
plete ophthalmic examinations were performed, including best corrected visual acuity, optical
coherence tomography (OCT), and electroretinogram (ERG). Direct DNA sequence of the RS1
gene identified one affected male and one female carrier. The affected male, had a
cartwheel-like macular appearance and abnormal retinal pigment epithelium pigmentation
in his bilateral eyes. The mixed scotopic ERG b-wave was more reduced than a-wave. OCT re-
vealed typical macular microcystic schisis cavities. Direct DNA sequence analysis revealed a
single base pair substitution in Exon 4, 304C > T, resulting in Arg102Trp. Our results show a
RS1 (304C > T ) mutation in a Taiwanese family with XLRS. This finding expands the clinical
profiles of RS1 mutation and may help to further understand its pathogenesis.
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Figure 1. The pedigree of a Taiwanese family with X-linked
juvenile retinoschisis. Square Z male; circle Z female; circle
with dot Z female carrier; filled square Z affected male;
arrow Z proband.
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X-linked retinoschisis (XLRS) is a rare X-linked recessive
inherited vitreoretinal dystrophy, with prevalence ranging
from 1:5000 to 1:25,000 [1,2]. It is a leading cause of juvenile
macular degeneration in males. The XLRS patients develop
early-onset bilateral vitreoretinal degeneration and splitting
of the retina between the nerve fiber and ganglion cell
layers. Typically, a cartwheel-like pattern is seen in the
patient’s fovea. Peripheral retinoschisis and vitreous hem-
orrhage commonly accompany these XLRS symptoms [3].
Visual acuity is highly variable and usually reduced to 0.20 in
school-age children but can manifest early in life [4]. Visual
defects may progress slowly with age in most patients [5e7],
but severe visual loss has also been described in some cases
[1,2]. Electroretinogram (ERG) examinations in patientswith
XLRS generally show a reduction in b-wave amplitude with
the relative preservation of the a-wave amplitude [8]. Op-
tical coherence tomography (OCT) is helpful for detecting
microstructural changes in the eyes of XLRS patients [9e12].
Though fluorescein angiography (FAG) is usually unremark-
able and contributes poorly to the diagnosis, it does not
reveal late hyperfluorescence, which helps in the differen-
tial diagnosis with cystoid macular edema [13]. Indocyanine
green (ICG) angiography may be useful for the diagnosis of
XLRS [14]. XLRS is associated withmutations in a single gene,
retinoschisin 1 (RS1; NCBI reference sequence NM 000330),
that has been mapped to Xp22. The RS1 gene consists of six
exons and encodes RS (NCBI reference sequence: NP
000321.1), a 224-amino acid soluble secretory protein
[15,16]. The RS1 RNA transcript contains 3040 nucleotides
[15], and the RS1 protein, expressed in photoreceptor and
bipolar cells as a homo-oligomeric protein complex, is
involved in maintaining retinal integrity [16,17]. Although
over 190 unique variants in the RS1 gene have been reported
and studied in XLRS patients, the severity of visual impair-
ment of XLRS does not correlate strongly with mutation type
[18e24].
Bilateral stellate macular schisis is the hallmark feature
of XLRS, with a peripheral retinoschisis in half of the cases.
Clinical diagnosis is sometimes difficult because of a high
degree of phenotypic variability [25]. Although the diag-
nosis is classically established by X-linked inheritance,
negative ERG results [6,13,25]; OCT [26e30] and genetic
studies [25] have been used to confirm the diagnosis. The
latter methods assume greater significance when the dis-
ease is at an early stage [27], manifests in an atypical
manner, or is fairly advanced with complications such as
retinal detachment (RD), which alter the typical ERG
pattern [13]. In this study, we describe a RS1 mutation in a
Taiwanese family and report the clinical findings associated
with this genotype. A sequence analysis revealed a transi-
tion in Exon 4 of the RS1 gene that results in a missense
mutation and protein nonsecretion.
Materials and methods
Clinical examinations
A four-member family that included one male affected with
XLRS was recruited for mutational analysis (Fig. 1).Informed, written consent was obtained before blood
sample acquisition. This study was performed in accor-
dance with the tenets of the Declaration of Helsinki. All the
study participants underwent ophthalmic examinations
that included best-corrected visual acuity (BCVA), slit-lamp
biomicroscopy, indirect ophthalmoscopy, OCT (Heidelberg
Spectralis Optical Coherence Tomograpy, Heidelberg
Engineering, Heidelberg, Germany), ERG (UTAS-E 3000;
LKC Technologies, Gaithersburg, MD, USA), and fundus
photography.
Polymerase chain reaction
Blood samples were collected from all four family mem-
bers. Genomic DNA was extracted from peripheral blood
leukocytes using a standard procedure. The sequences of
the six coding exons of the RS1 gene were amplified by
polymerase chain reaction. All of the samples were ampli-
fied in 50-mL reaction mixtures that contained 50 ng of
genomic DNA, 10 mM TrisHCl, 50 mM KCl, 2.5 mM MgCl2,
0.2 mM of each deoxyribonucleotide triphosphate, 200 mM
of each primer, and 0.15 U of AmpliTaq Gold DNA poly-
merase (Applied Biosystems, Foster City, CA, USA; Roche
Molecular Systems, Inc., Branchburg, NJ, USA). The thermal
cycling profile consisted of an initial denaturation step at
95C for 10 minutes followed by 35 cycles of 30-second
denaturation at 95C, 30-second annealing at 50C, 1-
minute extension at 72C, and a final 10-minute extension
step at 72C.
Sequencing
The sequencing reactions were performed using the BigDye
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems).
Each sequencing reaction was amplified in a 10-mL reaction
mixture that contained 10e30 ng of amplified DNA. The
thermal cycling profile consisted of an initial denaturation
step at 95C for 10 seconds followed by 25 10-second
denaturation cycles at 95C, 5-second annealing at 50C,
and 1-minute extension at 60C. The primers used for the
direct sequencing reactions were identical to those used for
the amplification reactions. The nucleotide sequences of
Figure 2. Fundus photographs and optical spectral domain coherence tomography (SD-OCT) images of horizontal sections from
both eyes of this family. Patient II-2 shows classic foveal schisis of XLRS and abnormal retinal pigment epithelium pigmentation in
the macula of both eyes. The macular cystic cavities confined to inner nuclear layer (INL) in both eyes in the OCT images. Disruption
of foveal ellipsoid zone and absence of interdigitation zone are evident. Fundus photography and the OCT images reveal a normal
retinal appearance in both eyes of the female carrier (I-2). The ellipsoid zone, interdigitation zone, and retinal pigment epithelium
(RPE) layer were indicated in Patient I-1.
Gene mutation in a Taiwan XLRS 311both the DNA strands were determined using an ABI Prism
3100 Genetic Analyzer (Applied Biosystems) equipped with
a long-read sequencing capillary and a POP-4 sequencing
polymer. The sequences were analyzed using BioEdit v7.0.9
(Ibis Biosciences, Carlsbad, CA, USA). All of the techniques
were identical to our previous study regarding a novel gene
mutation in a family with XLRS [31].Figure 3. The representative electroretinogram (ERG) re-
sults of the family members. The result of the proband (II-2)
showed a negative ERG with a low scotopic and photopic b/a
ratio < 1.0.Results
In this study, we characterized a Taiwanese family with one
member affected by XLRS. The affected male (proband) in
this family was a 15-year-old boy who was found to have
poor visual acuity in his early childhood. At the time of
diagnosis, his BCVA was 0.6 in both eyes. He exhibited
fundus changes typical of XLRS, including characteristic
folds with a cartwheel-like appearance radiating outward in
a stellate pattern from the fovea and with abnormal retinal
pigment epithelium pigmentation in both eyes. The OCT
examination revealed microcystic schisis cavities within the
macula area (Fig. 2). The ERG showed subnormal b-wave
amplitudes compared with the a-wave amplitudes (Fig. 3).
These findings prompted the other family members to un-
dergo comprehensive ophthalmic examinations. His mother
(I-2) was a carrier, and her BCVA was 0.9 in the right eye
and 1.0 in the left eye. The fundus photography and OCT
images of both her eyes showed normal macula (Fig. 2). Her
ERG results were also normal (Fig. 3). The family’s clinical
data are summarized in Table 1.PCR products corresponding to the studied XLRS1 Exons
1e6 of each patient were sequenced on both strands. The
proband (II-2; see Fig. 1) was found to have a 304C/T base
substitution in Exon 4 of the XLRS1 gene (Fig. 4), a mutation
previously identified in other families [32]. All other exons
Table 1 A summary of the clinical findings of all four family members.
No. Age (y) Sex BCVA OD/OS Macular/retinal appearance Macular schisis ERG findings
Decimal logMAR
I-1 50 M Normal No Normal
I-2a 45 F 0.90/1.00 0.05/0.00 Normal No Normal
II-1 17 M 0.70/0.70 0.15/0.15 Normal No Normal
II-2b 15 M 0.60/0.60 0.22/0.22 Cartwheel-like appearance and
RPE pigmentation abnormalities
OU; RPE atrophy of fovea OD;
inferior retinoschisis OU
Yes Dysfunction of bipolar
and Mu¨ller cells in the
middle layers of the
retina.
BCVA Z best-corrected visual acuity; ERG Z electroretinography; F Z female; M Z male; OD Z right eye; OS Z left eye;
OU Z bilateral eyes; RPE Z retinal pigment epithelium.
a Carrier.
b Proband with a 304C/T base substitution in Exon 4 of the XLRS1 gene.
312 C.-T. Huang et al.were found to be normal. The nucleotide alteration is
predicted to result in the substitution of a tryptophan res-
idue for an arginine at amino acid 102 in the XLRS1 poly-
peptide (Arg102Trp).
Testing of the proband’s mother and other members of
the family showed that the proband’s mother (I-2) was
heterozygous for the 304C/T alteration. Proband’s father
(I-1) and his older brother (II-1) were normal.Figure 4. Direct sequencing of the RS1 exon 4 polymerase
chain reaction products from the family members: (A) the DNA
from RS1 exon 4 for a normal family member (I-1); (B) a female
carrier (I-2) was a heterozygote with wild-type and mutant
alleles at the same nucleotide position; (C) an affected male
showed a 1-base pair transition (304C/T ) that resulted in a
missense mutation. Arrows Z mutation site.Discussion
The RS gene usually has complete penetrance but with
considerable phenotypic variation [2,3]. Exons 1e3 con-
tained few mutations, mainly translation-truncating, thus
providing evidence against an important functional role for
this segment of the protein. Exons 4e6, encoding the dis-
coidin domain, contained the most and mainly missense
mutations. The mutations in patients with severely
impaired visual acuity often involve the discoidin domain,
which likely causes disruption of the RS function [15,19,32].
Apart from the RS1 gene mutation, other factors such as
age, refraction errors, genetic modifiers, or environmental
influences, can contribute to variable vision severity within
the same genotype [23,33]. The logMAR BCVA of the XLRS
patients has been reported to range from w0.00 to 1.00.
[3,5,22,32,34].
The proband (II-2) was found to have a 304C/T base
substitution in Exon 4 of the XLRS1 gene, a mutation pre-
viously identified in several other families worldwide
[15,32,34e37]. According to the current literature, the
logMAR BCVA of the XLRS patients with the same missense
mutation ranges from 0.20 to 1.30. Our patient’s logMAR
BCVA was 0.22 in both eyes, which is better than other
cases reported.
Furthermore, in vivo high-resolution imaging modalities
have revealed photoreceptor abnormalities and schisis
within the various retinal layers of patients with the XLRS1
mutation [37e39]. The macular schisis could be foveal,
extrafoveal, or combined. One other case reported by
Gerth et al [38] showed only extrafoveal schisis involving
the inner nuclear layer with thinned foveal ellipsoid zone
(previously named connecting cilia, CC; sometimes called
inner/outer segment junction, IS/OS junction) and the
absence of the interdigitation zone (previously named
Verhoeff membrane; sometimes called cone photoreceptor
outer segment tips, COST). The OCT images of our patient
revealed bullous foveal and extrafoveal schisis confined to
inner nuclear layer with interrupted ellipsoid zone and an
absent interdigitation zone. A summary of the comparisons
in XLRS patients with the same 304C/T missense mutation
in Exon 4 of the RS1 gene from published reports is pre-
sented in Table 2 [36e38].
Table 2 Comparisons of clinical data on the exon 4 alteration (304C/T) of X-linked retinoschisis.
Study Age
(y)
logMAR BCVA
OD/OS
Fundus findings High resolution OCT findings
Foveal
schisis
Extrafoveal
schisis
Foveal ellipsoid
zone
Interdigitation
zone
Present 15 0.22/0.22 Cartwheel-like appearance
and RPE pigmentation
abnormalities in OU; RPE
atrophy of fovea in OD;
inferior retinoschisis in OU
Yes
INL
Yes
INL
Disrupt Absent
Gerth et al
2008 [38]
33 0.20/0.42 Flat-appearing macula with
minor RPE changes and
extramacular temporal
schisis in OU
None Yes
INL
Thin Absent
Dodds et al
2006 [37]
23 0.40/0.40 Stellate macula in OU NA NA NA NA
Hewitt et al
2005 [36]
14 1.30/0.70 Typical foveal schisis and
peripheral schisis with
vitreous hemorrhage in OU
Yes Yes NA NA
BCVAZ best-corrected visual acuity; INLZ inner nuclear layer; NAZ not available; OCTZ optical coherence tomography; ODZ right
eye; OS Z left eye; OU Z bilateral eyes; RPE Z retinal pigment epithelium.
Gene mutation in a Taiwan XLRS 313In conclusion, we have reported a thorough vision ex-
amination of a missense mutation involving Exon 4 of the
RS1 gene in a Taiwanese family with XLRS. Patients with the
same mutation may present variable visual acuity and
different involvement of the macular schisis.Acknowledgments
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